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- By Ralph B. high 


_ INTRODUCTION 


This paper describing mining methods at the Bighty-Five mine of the 
Calumet and arizona Mining Co., Valedon, N. Mex., is one of a series being pre- 
bared by the United States Bureau of Mines on mining methods, practices, and 
Costs in the various mining districts in the United States. 


The Eighty-Five mine {gs in southwestern New Mexico, 3 miles southwest 
of Lord sburg, Hidalgo County (see fig. 1). . Fhe mine produces normally 7,000 to 
8,000 tons per month of silicious copper-gold-silver ore, and employs approxi- 
mately 200 men underground and 40°'on the surface. Mining is done by shrinkage 
aM cut—and-fill methods. ee 
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Underwood, mining engineer, of the Eight-Five mine, and by C. H. Johnson, 
assistant mining engineer of the Bureau of Mines, without whose cooperation 
this article could not have been written. | 


HISTORY OF THE DISTRICT 


The Eighty-Five mine is in the Virginia mining district, which com- 
prises a large area 3 to 10 milés southwest of Lordsburg in the Pyramid 
Mountains. The group of 50 patented and’? unpatented claims owned by the 
Calumet and Arizona Mining Co., Eighty-Five mines, includes an area of 799 
acres in the north end of the mounta ns. -The mine and the townsite of Valedon 
are connected’ with the main line of. the Southern Pacific Railroad by a standard- 
gage spur from Lordsburg. 


1 fhe Bureau of Mines will-welcome Peprintine of this paper, provided the 
following acknowledgment is used: i from the U. S. sSureau of 
Mines, Information Circular 6413." 

¢ One of the consulting engineers, U. S. bureau of Mines, and chief 
engineer, Eighty-Five Mines, Calumet and arizona Mining Co. 
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The Virginia mining district was first prospected about 1870. The 
Superior claim, now one of the Bighty-Fiveé group, was located in 1875 by Morris 
Lesinsky and Isaac A, Cohen. In 1880 the mining camp of ryramid (Leidendorf) 
was located, 8 miles southwest of Lordsburg. Rich silver ores were found in 
the Viola (Venta) and Last Chance mines. 


In 1881 the euliroad was built ees Pasacbare. This stimulated 
mining in the district to such an extent that the same year a smelter was con- 
structed at Shakespeare 2 miles southwest of Lordsburg. In 1882 a 20-stamp, 
pan-amalgamation mil] was erected at Pyramid; it operated for 10 years. 


The Eighty-Five claim was Voeated in 1885 by Samuel Ranson. Several 
years later it was acquired by Joe Leahy of Lordsburg. In 1906 a Mr. Black of 
Denver bought the Eighty-Five group of claims -from Leahy for $40,000. He in 
turn sold the ground in 1913 to Warner Brothers, Yates, and Barclay, who 
organized the "85" Mining Co. ' This company Paee the townsite of Valedon and 
the railroad spur from Lordsburg to the mine. On May ‘1, 1920, the Calumet and 
Arizona Mining Co. bought the property from Warner. Brothers, Yates, and. pereley: 


PRODUCTION 


| Prior to 1913, "when ne Warner Brothers acquired the Eighty-Five mine, 
about. 100,000. tons of copper ore had been shipped from the upper levels of the 
mine, From 1913 to May 1,. 1920, about 520,000 ‘tons was shipped averaging 0.14 
ounce gold, 3 ounces silver, and 3 per cent copper. | 


From May 1, 1920, to July.1, 1930. 783,188 tons, averaging 0.111 ounce 
gold, 1.23 ounces silver, and 2.79 per cent copper, was shipped to the Dovglas 
smelter of the Calumet and Arizona Mining Co. iia sii atin 1930 continues 
at the rate of 7, 000 tons per month. eGe > cor or 


" The success. ef. the mines. hae Genended on ‘the ‘need of silicious fluxing 
ores at nearby smelters. The ore produced from 1913 to date has contained at 
least 67 per cent silica. 


GHOLOGY. 


All tie rocks of the Virginia district are of Leneous eeein, ena con- 
sist chiefly of andesite, diorite, and porohyries of similar composition. A 
coarse-grained, light-colored granodiorite,. Locally called monzonite, intrudes 
the andesite and diorite from below. One irregular stock of this monzonite is 
2,000 feet in width and 2,600 feet long where cut by the Emerald vein, in. 
which the ore bodies of the Eighty-Five mine occur (see fig. 2). In the 
western end of the mine several dikes of granodiorite and quartz diorite cut 
the andesite. On the outskirts of the Eighty-Five property and throughout the 
district the outcrops of rhyolite dikes are found. 
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k nica ae fractures of at least three separate systems traverses all 
three principal rocks. The earliest s\stem and the most important economically 
has a N. 40 to 459 E..strike.. The Emerald, Neva, 01d 85, Carlos, Oakley, Bonney, 
and Miser's Chest are veins belonging to this group. a:later system striking from 
N. 75° H. to due east, with a steep dip to the south, cuts and frequently offsets 
the first. The veins of the district are mineralized fault fissures. belonging to 
these two systems. The. third’ system, the most RECERV! Sirikes: N. 10° W. and 


pats oes older systems. 


| The northeast system of veins apparently includes the. ony veine of 
economic importance, and the Brerald vein is the only member of the group that 
ig minerglized continuously ‘enough to maze a large mine. It is a true fissure 
vein, striking N. 45° E., and dipping an average of 80° to the southeast. The 
dip tends. in places, . especially. in the east side of the mine, to become ) 
vertical or, even to reverse steeply to the ‘north (see fig. 3). The vein can 
be traced on-the surface for a distance of 8,000'feet..-as shown . in. Figure 2, 
ore hag been mined from it al most if not quite. to!the: surface. for a,distance 
of 2,300 feet along the strike, ‘On the 1500 Ievel ‘ore. occurs for. a distance | 
of 2,600 feet along the. vein. The oré has: been followed to a:depth of 2,000 , 
feet. The richer ore ‘ghodts tend to rake slightly toward the west. The vein’ 
in its coursé through the’ granodiorite 4s very regular; it ranges in width 
from 2 to 10 feet, with an average of 5 feet. At times, especially on the: 
upper. levels, the vein attains a width of 30 feet.. Where the vein extends 
into the andesite’ in both directions along the. strike, hewever, it tends to 
finger out; the ore’ bodies found: in: andesite are very irregular and are 


"spotty" in value. ae es be: eee | a ee 


The mineralization was probably the final result cf cinematic 
differentiaticn of wnich the: diorite, andesite, granadiorite, and rhyolite 
were successive ‘st tages. Physically the,.are bodies are closely rélated to the 
granodioriteé stock, as shown by Figures 2 and 4. More than 93 per cent of the 
the to date has been mined where the granodiorite formed one ‘or both Walls of 

e vein, - 


3 


The Hein filling ‘consists ‘of massive pre aountry roc. seple seh by 
sulphides, and silicified, altered, quartz-seamed rock containing etringers of 
Chalcopyrite and pyrite. .Smgll amounts of calcite, hematite (specular and 
paegaNS) barite, and rhodocrosite are included in the gangue. 


 Ohaliconsetts dnd iter are the prin¢ipal primary ore minerals. Galena 

and sphalerite are found in scattered amounts on all levels, The distribution 

of Values in the ‘primary ores is. remarkaply uniforn; the mineralization and the 
éTade of these ores have. varied little in the 2,000 feet of depth developed. 
The ore limits within the ‘vein are usually commercial, although some barren 


stretches of vein ooo 
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In the oxidized zones azurite, malachite, chalcocite, and chrysocolla 
have been the principal copner minerals; native copper, cuprite, and covellite 
were not uncomron, Oxidized ores were found chiefly above the zero level, now 
the main haulage adit and entrance to the mine. West of the main or Emerald 
shaft very little oxidized ore was found below the 200 level. East of the 
shaft, oxidation and leaching are unusually erratic and at times remarkable cor- 
plete. The porous, iron-stained quartz, containing secondary chalcocite, makes 
important ore bodies as deep as the 1500 level, often under hundreds of feet of 
primary ores. Some cuprite and covellite are lixewise found as low as the 900 
level. In the leached areas the silver content is usually higher than in the 
unaltered zones. The gold content is very erratic; stopes averaging 0.50 to 
O.75 ounce per ton are sometimes mined directly under ptneEs aVETAE SNE 0,08 to 
0.10 ounce. 


The vein material composed of quartz, silicified country rocx, and - 
sulphide is hard and stands without supports over wide spans. On rare 
Occasions the hanging wall slacks or sloughs off to such an extent as to weaken 
the stape back, which may then breax down in large blocks. This appears to 
taxe place chiefly in the stopes near the andesite-granodiorite contact in the 
west side of the mine. The ore is hard to drill, out breaks finely upon blast- 
ing, so that secondary blasting is seldom necessary in the stdpes. 


In the upper part of the rine, both hanging and footyiall are firm and 
will stand unsupported for considerable periods. Below the 1350 level the walls 
are more mineralized and guite frequently thoroughly kaolinized. In some places 
this condition of the wall causes cut-and-fill ia to be used instead of 


shrinkage stoping. 


Postmineral movement along the vein, following its offsetting by the. 
east-west faults, produced false continuations of the main vein which -were then 
mineralized by later and weaker solutions. Thus the main vein, as shown for 
example in Figure 4, at the east end, may appear to be pinching to a stringer, 
when in reality it has been faulted to the north. Therefore, in drifting and 
even in stoping, the main ore shoot is often lost unless operations are closely 
watched. 


METHODS OF PROSPECTING AND EXPLORATION 


Underground diamond drilling was done by the old 85 Mining Co. and also 
by the present managerent up to 1924. Horizontal holes were drilled into both 
foot and hanging walls to locate parallel veins. On the 450, 750, and 1350 
levels, on both the east and west sides of the mine, crosscuts 150 to 250 feet 
long were driven into the hanging wall at right angles to the vein. from the 
ends of these crosscuts, diamond-drill holes were drilled toward the vein to 
intersect it at depths from 150 to 500 feet vertically below the drilling level. 
From 2 to 4 holes were drilled from each crosscut. Diamond drilling totaled 
9,049 feet, 
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: As. dtamora drilling and later jeyelopnent.s work aioadd the dip ‘of ‘the | 

vein te be uniform and the ore shoots.to be fairly persistent, - prospecting is 
now done by- sinking the shaft to anew level, crosscutting to the vein and” 


drifting thereon.” 
Crosscutting 1s practiced extensively in both the extreme east and 
west areas to explore for parallel veins and splits of the known vein. Raises 
are driven where the outlines of ore bodies are unknown. whenever possible the 
aim is to make preliminary prospecting serve: for. ore development and stoping. 


METHODS OF SAMPLING AND ESTIMATION:OF ORE BODIES 


Grab samples are taken from all development faces in tiineralized ground 
under the direction of the shift bosses. They are taken either ‘by the muckers _ 7 
from the pile at the face, or by the "grizaly man" dt the shaft ‘station: 


Stope samples also are taken by She cae from eae car as Lt ae dumped into 


the pocket at. the Nel t. dus, Ser ee See Pas : 


2 . . a) 


“In addition, to the gampl ing. eee an etigineer sa sunpleg all 
mie faces. If the ore encountered is marginal in:valus it is sampled 
by cutting channels across the back of the drift or raise with moil and hammer 
at 5-foot intervals. If the.ore.is high-grade the channels: are’ “spaced at I0-. 
foot intervals. The engineer helper also taxes 5Q-pound grab samples of the _ 
muck pile whenever ‘possible. : Etepe faceg are sampled only when the values are 
marginal or to determine grades for the yearly ore estimate. Mine samples are 
generally 10 to 15. ‘per. cent. higher. than the gmelter samples. ° ~ 

All assay returns, are recorded on assay sheets.: ihe returns from all — 
faces are plotted on a longitudinal section assay map. pg | 

An ore reserve estimate is comouted yearly. As the stopes are senseaie 
ly at 100-foot intervals, the estimate is based. on 100-foot blocks. The esti- 
mate includes two classes.of ore ~ actval,ore and probable’ ore. When the ore 
has been cut on two. consecutive. levels. and the probable shape of the: ore dody 
has been outlined, the ore between the levels,is all classed.as actual ore. If” 
the ore has ‘been aeveloped by a drift on one’ evel. ‘only,.the actual-ore outiine 
is drawn 25 feet below the drift, 35 feet beyond the- face, and 35 feet dbove 
the drift (or the proved height. if raising. or stoping has been'done); 


When a drift.on the bottom-level, or any drift that extends beyond - 
other workings, is in ore, an additional 25 feet is. classed ae probable ore, 
below, beyond and above the drift. Where levels are 250 to 300 feet. ‘apart and 
each level is in ore, a similar estimate of probablg ore in addition to actual 
ore is made. Frobable-ore estimates resulting from the application of these ° 
rules are often reduced because of the erratic nature of the ore bodies in © 
certain sections of the mine, eapecially in the east side. or where the walls 


are andesite. 
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In caloulating the grade of ore reserves, proper deductions are made 
for differences between mine and smelter assays and far dilution. 4A factor of 
14 cubic feet per ton of ore in place and 20 cubic feet of broxen ore per ton 
is used in calculating tonnages. The former is high enough to allow for gsort- 
ing and for the occasional horses of waste encountered in stoping. 


The amount of proEca ore in shrinkage stoves is estimated cia 
METHODS OF DEVELOFMENT AND MINING 


Develonvment 


eS ees 


General Plan of Development. 


The Emerald. vein is developed from the zero level or haulage adit. 
The distance from the portal, where the power plant and other surface egulp- 
ment are located, to the Emerald shaft is 865 feet. 


The Emerald is a three-compartment vertical shaft. It is collared in 
the vein at the zero level, 300 feet below the outcrop. From there it extends 
to a depth of 1,732 feet below the adit level, the dip of the vein soon placing 
it 100 feet or more in the footwall (see fig. 3). 


When the Calumet and Arizona Co.. acquired the mine, levels had been 
run at 100, 200, 300, 450, 550, and 750 feet below the zero level, Connections 
had also been made, to the Superior shaft to the west, the Upper and Lower 
Dundee shafts to the east and the Old 85 shaft to the north. all these shafts, 
although open for ventilation purposes, are now inaccessible to travel. 


From the 750 level, which is about the top of the present active zone, 
down to the 1650 level, the mine is developed. by levels spaced 150 feet apart 
vertically. 


The Jim Crow shaft was recently sunk 2,360 feet west of the Emerald 
shaft in the footwall of the vein (see fig. 5). The Jim Crow is a three- 
compartment shaft of the same dimensions as the Emerald shaft. It connects 
at present with the 200, 450, 650, 900, 1050, and 1350 levels. It has been 
sunk to the 1650 level, however, and will be connected with the 1500 and 1650 
levels in the near future. This shaft was sunk for ventilation, emergency 
exit, and as a base from which to prospect the western area of the mine. 


The general plan of development of any one Yevel is ‘ds follows: The 
Emerald shaft is sunk about 10 feet below the rail elevation of the new level, 
and a shaft station is excavated equal in width to the length of the shaft and 
15 feet in length and height. Shaft bearers are placed in position followed 
by shaft timbering and several station sets. Then shaft sinking and additional 
station excavation are resumed. A crosscut is driven to the vein and drifts 
started in both directions along the vein. Raises are driven to the level 
above at about 500-foot intervals until the limits of the ore bodies are reached. 
These raises are used for ventilation and emergency exits. 
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phere and Blasting . 


Driiling and 1 blasting pueetiees are re sevlated by. the mine foreman and 
shift bosses. A Leyner-type drifter weighing: 118 pounds is used in all drift- 
ing, Drill colurns and crossarms 24 inches in diameter are used. A crossbar 
is used only when drilling ig done on two or three shifts per day. a 60-pound 
Jackhammer is used for shaft sinking, slabbing, and drilling bowlders in 
stopes. Hand-rotated | stopears are used in stoping and raising operations, 
oilers are Standard equipment. The air eee at ve ee none is 80 


pounds per "square inch. © 


Line 


> 


One-inch hollow round steel is used in all haps ee jackhanmers, 
and one-inch cruciform gteel with etopers. Bits are of the cross type, with 
double tapers of 5 and 14°, ‘The Gage of startér- bits is 2 inches for both 
types of steel with a reduction of oné-etghth inch for each succeeding steel. 


Starters are 24 ppcnes long; the change in length is 12 inches. 


Forty. per. cont. strength, gelatin: dynamite, No. 8 _ Caps - end waterproof 
fuse are used in all blasting ih drifts, raises, and stopes. Electric blast- 


ing is practiced in. shaft-sinxing operations. 
a 7 Driets 


aur 


| Drifts are generally 5 = ? feet in cross geetion, although if the 
vein is 6 or 63 feet wide the drift is run that width. If the vein width is 
greater than 65 feet, the drift is run on the footwall. Often the higher-~ 
grade ore is along the footwall and the stope chutes. are spaced along the 
footwall. Prospect crosscuts are 4 by 6 feet in cross section. A standard 
Y-cut round is used. The number of holes in drift rounds ranges from 12 to 22, 
depending on the herdness of the' vein material, Timbering is rarely 

necessary as the ground is very firm. all mucking is done by hana. . 


' Raises 


Raises are driven on the vein between the levels for prospecting, 
developing, stoping, and ventilation. haises are of three classes, depending 
on the use to which the raise to is be put and the nature of the ground. 


Stull raises with two compartments, a manway and a lined chute 


1. 
However, 


(fig.6). The cross section of this type of raise is 5 by 8 feet. 
if the vein is from 5 to 7 feet wide the raise is driven the width of the vein, 
If the vein is more than 7 feet wide the raise is driven along the hanging wall 
in order to hitch the stulls more securely into the well. Tne hanging wall 
Fenerally carries some gouge, and ore left on the hanging wall will slough off 
more reaiily than ore left on the footwail. The manway can later be used in 
stoping operations by installing a timber slide and an air line. This type of 
raise is used for prospecting, ventilation, and in developing shrinkage stopes. 
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2. Stull, three-compartment raises, with a manway and two lined chutes 
(see fig. 6 b). This type of raise is used for ore and waste transfer and for 
developing cut-and-fill stopes.. 


3. Cribbed, two-compartment raises. whe cross-section of the chute 
compartment is 4 feet 2 inches square and that of the manway 4 feet 2 inches by 
« feet 6 inches. The cribbing is generally of cg-inch timber. This type of 
raise 1s used in bad oe 


Shaft Sinking 


Ihe two main shafts, the Emerald and the Jim Crow, have three compart- 
ments, two for the skips and cage and a manway and pipe compartment. <All com- 
partments are identical in cross section, 4 feet by 4% feet inside the timbers 
(see figs. 7 and 8), 


As sinking methods are the same at both shafts, the operations just 
completed (September 8, 1930) at the Jim Crow shaft will be described. 


The Jim Crow shaft with a rock section of 7% by 164 was sunk from the 
surface (elevation 4,780 feet or 87 feet above the collar of the Emerald) to a 
depth of 1,742 feet, 26 feet below the 1650 level through andesite and diorite. 


The sinking crew on each of three consecutive 8-hour shifts consisted 
of one jigger boss and three miners (all at the bottom of the shaft), one top- 
man and one hoisting engineer. One shift boss had charge of the entire crew, 
which consisted of a total of 18 men per 24 hours. Mexican labor was used in 


the shaft. The shaft sinking was done on contract. 


The time cycle of operations at the 1650 level for a 5-foot round which 
broke about 70 buckets of rock was as follows: 


1 hour setting up equipment, 

6 hours drilling, 

1 hour removing equipment and loading, 
1 hour waiting for smoke to clear out, 
12 hours mucking and picking botton, 

5 hours timbering. 


When drilling operations were started a manifold with six air connec— 
tions, four for jackhammers and two for blow pipes, was lowered through No. 1 
or the manway compartment. When the drilling was finished the manifold was 
hoisted above the bulkhead in the same compartment. Steel and supplies were 
handled in a bucket suspended under a crosshead in No. 2 compartment. 
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Figure 9.— Standard shaft round. Numbers indicate order of firing and 


electric delay primers used 
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A standard V-cut shaft round, consisting of 26 or 36 holes, wag 
drilled with 58-pound: jackhammers (fig. 9). lhe andesite is good drilling 
ground except when’ silicified near the’ contacts...‘ the diorite. although very 
hard is fair drilling: but tough breaking ground. - Very little heavy or loose 
ground was encountered. he cut holes were loaded with 5 to 7: 1-1/8 by 8 
inch cartridges of 60 per cent strength gelatin dynamite and the other holes 
with 4 to 6 sticks of 40 per:cett-gelatin. No. 8 elettric¢c detonators in 1 to 
10 delays connected a a eae ia enue were uses for sayin one 
rounds. : 

The broken rock was. cneiedl ies ies cubic foot buckets nee, 
were hoisted in the No. -2 compartment.’ One Cucket was: being loaded while the 
second bucket was being dumped. Above the 900 level all spoil was hoisted to 
the surface; below this ‘level it was hoisted to a pocket above the 900 shaft 
station. -The broken rocic ‘at the 900 level was used’ for filling stopes. At 
the 900 and at the surface the buckets’ were dumped by means of a slide door 
and tail chain, operated by the topman. About 65. buckets. were hoisted per 
shift. From below the 1650 level where. the. hoisting speed of the buckets. was 


450 feet per minute, | the hoisting of the Tock was the determining factor. in 
the speed of the inucicing operations. _ oe Bee fon. oo ni A 


- Timbering precedes mucking, go that the men can work on ‘top of the | 
muck pile, The timbers. are’ lowered under the bottom of a cage or crosshead 
in No, 3 compartment. 


“Shaft timbers are 8 by 8 inch,’ rough Oregon fir. Shaft sets are on 
o-foot centers. Shaft timbers with keyboards and lagging cleats attached are 
lowered through No. 3 cage compartment, A blasting set (fig. 7b) is used to 
protect the shaft timbers during blasting. This blasting. set is worn out or 
broken in about six blasting operations. Keyboard" blocking (figs. 7c, d, 
and e) is always used. The keybdcard'4s of 3 by 8 inch timber. When caving 
ground is encountered 8 by 8-inch timbers are used for additional "bridge" 
blocking. Some peverNsee® of keyboard blocking over: stull blocking are: — 

Ls On blasting. ev board blocking is rarely’ Ppocicsd out or loosened. 

2. s& set can be blocxed faster and more securely. 

5. When a formerly wet shaft becomes ary, Meooere blocking does 
not loosen and fall out. 

4. The lagging — vis more secure. 


The three seanaveenes are "' Suberdel eee with 2 by. 412 inch by 4 foot 
10 inch planks. Lagging -4s placed behind the set as shown iii Figure 7, 
Pushed over on the cleat, and wedged at the -top-and bottom by wedges placed 
between the lagging and the keyboard. The last lagging placed is wedged on 
the inside instead of the ‘outside. Thus all lagging is so secured that it 
can not possibly become loosened and fall. into Bae shaft compartments. 
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In the Emerald shaft all compartments are similarly outside-lagzged. 
But, in addition, the two hoisting’ compartments are also inside-lagged as 
shown by Figure 8. Prior to the use of inside lagging, the timbers of the 
shaft sets were badly worn and the ee was xnocked ont by falling rock 
during hoisting plete canes 


Bearers are placed at intervals. of - 150 feet. 


As the rock ensecutire: below the 1350 level is rather <Hhei. a 
electric blower on the 1050 station of the Jim Crow forces air barocen @ le- 
inch metal pipe to the bottom of the shaft. The temperature at —_ bottom is 
still 87° F., and the cnerereve homer sy. ds 160 als cont. : 


When sinking in the inarala shaft is. redumed | a coat electric pining 
hoist will be installed on the lowest working level, the 1650. -as No. 3 com 
partment (see fig. 8) is full of pipes and.cables leading to the pumps, hoist- 
ing will be done through No. 1 compartment, A bulkhead. will be put in No, 1. 
compartment above the top of the station and an idler sheave hung so that the 
cable will not hit the station timber, Muck will. be hoisted in buckets and 
dumped by means of a slide and tail. chain into the. 1650 pocket, from which it 
will be hoisted to the surface by means of the. skip in No. 2 compartment. If 
the muck is needed for waste fill in the mine, it will be dumped from the 
bucket into cars at. the 1650 level and hoisted in the cages to other levels 
of the mine. 2 - ae 2. 8 < : 


The pOrLOnine tees shows detailed cost sali for + einking the Jim 
Crow shaft. .. . ce ae a & & & : 4 


Cost. of isoaine the. Sim crow, shaft | 
. Footage | to. date: 4, 720 feet. 


as __ Gost per foot 


Labor and bonus .cecccocceccccecees eee 


” $59, 422, 13 34.55 
shift boss <= 193. 47 per mOnth. 
Jiggers = .§,00 vee shit: oo ae ee 
Shaf tmen =| )6.4. 40 ae ee 
Top landers'= 3.3Q. n Me : 
Hoistmen - 5.50 " a ee Te a 
BAT SGTLIT G6 bi. 5se tices a eewas oes eee eceee | - 6,068.22 3.53 
EXDLOGI VES: 5 iaiwseectoweyees bose nee 2.84 
Framed timber ........... Mix eta tea oe edie «Shae td : ye 8.55 
Miscellaneous supplies ...... athe is: | 7 3.78 
‘Truck expense L/ ..i..ccccseececesesae | by 589. 51 . 92 
Power expense ........... ee eee ae eee 214.56 2.45 
$97, 392.95 - 56.62 


1 aE sanolies: apiniiee ater. ete. ; “handled ‘by. truck, 
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Mining Methods 
Early Mining methods 


Prior to 1913, when the Warner ‘Brothers actress: the ee mines, 
some square- setting was done in the upper oxidized zone, but the majority of the 
stoping was done by shrinkage -and cut- -and-fill. “Some of the shrinkage atopes - 
can still be seen from the eurface around the old Superior shaft. aA few stulls 
have kept the walls ao cavers)! —— neue? the stopes were mined 30 years BEO. 


From 1913 to 1920 most of the ore was stoped by an overhand euteands 
back £111 method. In this method a portion of the. loose. hanging wall was first 
shot down and the waste ‘spread and smoothed horizontally. Flooring was then 
laid on top of the waste. and the ore shot down upon it and mucked into cribbed 
chutes carried through the waste filling. at 25-foot intervals. Shrinxage 
stopes were tried very rarely. The cut- and-f1i1] method ' ‘described above re- 
quired leaving 5 to 15 foot pillars ander the levels... At that time it was 
thought the pillars would be recovered, but caving .of ‘the levels occurred and 
very few of the pillars under ‘the levela were ‘ever. mecoyence: 


When the Calumet and Arizona acquired. she aiae in: 1920, Ira B. Joralemon 
who was the assistant general manager of the, Bisbee mines advised the use of 
the inclined .cut-and-fill method: waste for filling was to-be obtained from old 
filled stopes above. This method produces a cleaner ore and ees much 
handling of ore and waste filling. in. the ea a oe oer 


From 1920. to 1930, . mining has: been done By one follo#ing ethoae: 
on  Shrinicage foo 72. per cent. ‘of ‘the. total ee 
: eS yt ES Cut~and-fill . 28 . do. ae Bt bod 38 
Square-set .... Only four square-set geeea, 
in 11 years. of mining. 

Of the stopes mined by the cut-and-fill method, 64 per cent. were in 
the period 1920 to 1923... eee stoping gradually superseded the. cut- -and~.. 
fill method. es oe , | Fs | 

Present Bren ethod 


At present ‘the two rer mathode at the Bent Five » mines are » shrink 
age and cut-and-fi11. . | ' | 


The determining factors in | the choice of mining methods at pee maane 


are: , 

1. Character of the walls of the vein. | 

2. Quantity and mode of occurrence of country 

rock in the vein. 

3. Grade of the section to be mined. 

4, Requirement of a fixed monthly tonnage of a 
8652 certain copper and silica content. 
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Shrinkage stoping is always employed where the walls are firm, and if 
the vein dis more than 3 feet wide. Shrinkage stoping 1s also always used on 
"marginal ore of high silica content as lower costs are secured by the shrink- 
age. method. | 


At present the inclined cut- and-f il. method oF / mining is employed in 
some instances for the following reasons: 


1. The walls may be weak owing either to: 

(a) The N. 65° E. to due east system of 
fractures closely paralleling either wall 
and forming planes of weakness or 

(db) kaolinization of the walls. 

2. The vein is wide, but (a) unmineralized 
country rock occurs as a wide band within 
the enclosing walls or (b) poles occur 

in the vein. 

3. High-grade ore may occur in a narrow (2 or 

aa! ' 3 feet) vein, | 

4. to eee a cleaner product. 


pee At present all the ore is hand-sorted as it passés over a picking belt 
to the railroad cars. Although one shift of sorters can'handle the ‘present 
7,000 tons of ore per month, this would be impossible if the 1929 schedule of 
10,000 tons per month were in effect. However, in case of necessity the ore 
coming from the 1500 level cut-and-fill stopes could be run directly into the 
railroad cars without sorting. 


Shrinkage Stoping 


The method of stope development described in the following paragraphs 
is that used on the 1350 level, where all the stopes are shrinkage stopes, four 
of the 20 being active at present. 


Ore was encountered in the West drift, on the 1350 level at a point 320 
feet west of the Emerald shaft (see figs. 2 and 4). As the ore body had al- 
ready beén outlined on the 1200 level, a two-compartment stull raise (No. 320 
raise west) was immediately started. advance was quickly resumed in the West 
drift and by the time the drift had advanced 500 feet through high-grade ore, 
320 raise west had connected to the 1200 level. For ventilation and emergency 
exit another raise was started near the face of the drift. This raise, .725 
raise west, was so spaced as to be used in the later stope development. 
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Figure Il.- Shrinkage stope 
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As the ore on the 1200 and .1350 levels is high-grade, it was undesirable 
to ‘leave level. pillars under the drif ts, therefore the tramming drift was ad- 
vanced in the footwall, This drift started at thé beginning of the ore body 


and advanced in the footwall paralle} to the “vein and 25 feet from it. It was 
connected with the main West drift at intervals and finally at a ‘point beyond 
the limits of the last ore body. It is used for ramming and travel purposes. 


This drift on the ree level is 1,700 feet long. 


The advancing ‘type of spine meened: ‘te. in use at the Bighty-Five 
ines; that is; stoping operations are started at the end | of the ore body near- 
er the shaft and advanced toward the farther. Limite. of the ore bady. Stoping 
may be divided into three separate operations: Stope preparation or cutting- 


out, vane Op ree and pnemcne. 


Drilling for the. maberccoat poues Was - started ‘at the . 320 raise. The 
back of the drift was drilled for some. distance and blasted down on the tracks. 
toring on top of the muck pile the miners. drilled a. second line of holes and 
dlasted. This second round broke the back to an elevation of 15 feet above the 
rail of the drift.’ “If the oré was wider than the drift, it was. slabbed off to 
full width at this'time. ‘This cutting-out ‘operation now advanced along the | 
drift, and timbering was begun, Starting at 320 raige, 8.by.8 inch stulls were 
Placed horizontally acrosé the drift at 5-foot: intervals, and at an elevation. 
of 8 feet above: the track. For vein! widths of. 4, to 8 feet no posts were used 
under the stulls, other: than the‘ chute posts. -. For greater widths u second post 
may be used. -Chutes-were next built on the footwall side of the. dri? t at 10- 
foot intervals, Originally chutes were placed on 15-foot centers, bit it was — 
found that where the ore was wet or selvage occurred within the vein tine ore 
tended to a) chimney" between: the chutes. - “Accordingly chutes are now spaced on 
15-foot centers only when the material blasted down in’ 1 eae stoping is 


found to be, marginal in value.’ aa ao 


: | Some times pillars above the arift are seucioces in seis, stone min- 

Si a8 shown in Figures 10 and 11, This may be done for either of. two 

Dee (1) the walls are weak and the vein te unusually wide. (2) The back 
the drift t is in waste or marginal oo but eee nee shown ore to 


be 
in 1 the | block a little higher ae 


15 per Or @ll the shrinkage stopes mined eine Calumet and. iene canetebts 
of the “ent have employed the chute-raise and pillar method, between the back 
drifts drift and the bottom of the stope. Of the pillars thus left above the 
Of bie an Per cent were in waste or marginal material and 40 per cent in ore. 
are sti Per cent in ore, 20 per cent have’ already been menegs me | Per cent — 

| *©Coverable, and 30 per cent are Pnnccese stile” | | 
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Back-stoping (advancing the back upward) is next started. Drilling is 
done with hand-rotated stopers by a crew of 1 to 4 miners. Blasting must be 
light until the drift timbers are well covered with broken ore. The back of 
the stope is carried slightly inclined toward the raise or manway that is holed 
to the level above (220 raise, fig. 10). ‘The angle of the back ranges from 10 
to 15° from the horizontal. This assists ventilation and'somewhat aids the 
handling of drills and steel, which are usually brought in from above and taken 
out to the level below. When the stope can be entered ls above at both ends, 
the back is carried horizontally. 

At 100-foot intervals a cribbed manway 2 feet 6 inches by 2 feet 6 
inches in the clear is carried up with the stopée. This manway: is protected on 
the stope side by stulls set in hitches in the walls at 5-foot intervals (see 
fig. 10). In narrow veins stulls can de spaced 8 or 10 feet apart. Air lines 
enter the stope through the manways at both ends of the stope. 


As the stope approaches the level above, it may be necessary to leave 
a 5 to I5 foot pillar below that level. In this case a connection is made in 
the middle of the stope to ‘the ‘level above, ‘to saeteatate, the era of . 
development waste later (fig. 10, stope’ 8). . 7 7 


If, as is true on the. 1200 and 1350 sat aliens a Seow arift has “been 
driven, no necessity for leaving pillars bias daa and the. vein is mined out en- 
tirely to the level (see fig..10, stope 6). as the stope above the 1200 level 
was in high-grade ore, the timbering between'the chutes of the worked-out _ 
stope is shot out at this-time, and the pile of broken ore- remaining between 
the chutes is dropped into the now completed stope:below.. If pillars of ore 
were left between ne ee of ope ainda above. enews are now blasted down, as 
shown in Figure 1). | . we © | 


When the seeders! vibsen. are arawn: the bua ine wall, no, ‘longer having 
any support, begins to slough off. Consequently, by the time. the stope is 
nearly drawn empty, considerable waste has already fallen. on. top of the broken 
ore, muronones care ey be vecen that the stopes are drawn down level. 


As stated Gevore? the . ore breaks ether fine, and if it becomes wet or . 
mixed with the soft material from the walls, it will "chimney" between the 
chutes. These chimneys of broken ore stand almost vertically to heights of 
10 to 30 feet above the bottom of the stope. If the ore is high-grade and no 
floor pillar is to be left under the level, as was the case on the 1200 and 
1250 levels, this pEGeen chimneyed ore is oer recovered by the following 
method, : 


When roueietal ic stope has reached the level and one end is completed, 
the lagging between the chutes under the worked-out stope above .is shot ot 
and the chimneys of broken ore allowed to drop into the completed portionof 
the stope. Generally the 8 by 8 inch stulls above the drift are not broken, 
as the blasting is very light. Successively, as the pillar under the level is 
shot out the lagging between the chutes overhead is also shot, until all the 
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ore from the shrinkage stope above ie dropped-.inta.the lower stope. There is 
some dilution by waste, but this would:occur anyway, for when the stope is 
drawn the level above will cave whether or not an attempt is made to recover 
the broken ore. Thus nothing is lost and it'is highly probable that some good 
ore will be recovered. If the ore above was marginal no attempt. would be made 
to recover it. ee ce ee ee ee ce ee 
In the cut-and-fill method of mining, when ore from upper stopes is 
recovered as above described, a close check on grade and tonnage can be made. 
It has been found that the first runs of broken ore exe uouay wean even after 


dilution, average above 2. 5 and often - over : F, cent.. 


The costs of a shrinkage stops. worked by the nmethee just described are 
shown in fable = 2 : 


- Table l= - Shrinkage stone costa, 1350 levels year 1925 


Costs oer _ton direct charges onl ) 


ee Other :}.air... |Yotal cost 
n do us: su plies}. drills: per: ton: 
6 stove “02 
Note: The average ee ‘of 6 stope was 4,0 fect; of 8 oe 8. a de 


“4.$ 0.02. ‘| $.0.39. |- $ 1.37 
costs were obtained In the wider SL Opel: 


ae 


. 02 46 TO 3. 
ama 


tt is best in devises stoping to: neve. ‘eer: or. four nose aeepds 
in successive stages of: operation.: When back-stoping is finished in. one stope, . 
the broken ore should not be drawn out: until the. next stope in line is com- 
pleted. If the stope is drawn too soon the weight of the broken ore in the 
Operating stope is liable to push the manway. over:into the partly drawn stope. 


4n example of this is shown in Figure aoe 


es 


pupine: 1928. and 1929 aege scent: work. on ene: 1350 eee. ae was de- 
layed. Repair work in: the’ operating shaft during these years algo reduced 
total mining: shéfts. But the tonnage demands were greater than ha nO BEES 
quently the. stopes were drawn: of. their | ore too qulcal ys: : a 


- As a eeault: of the Bsus pena tiene? ‘a cau eicat ten of the ee 
system previously rar laoas was’ salnoeures: anty ak saat: ner eens peer 


On the 1250 level. 
As a errr te mined ro ee | ere 5 “rene Rene ds driven 
in the vein and toward the next stope fron the manway of the operating stope 


af a height of 35 or.40 fest above the rail. _# jackhammer is vsed in this 
Successive dog holes are dtiven at 35-foot vertical intervals as. 


operation. 
the stope is advanced to. completion (see. fig..11, stopes 28 and 30). 
4652 ome 15 ~! 
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When the following stope is started a 5-foot pillar of ore is left be- 
tween the manway of the recently completed stope and the new stope. As shown 
in 28 stope on Figure 11, the stope is mined inclined until the first dog hole 
is reached. Then the angle of attack is reversed, and the other end of the 
stope is advanced and a new dog hole driven. ‘This is repeated, as shown in 
Figure 11, until the stope is completed. The advantage of this method is’ that 
the manway is protected even if the last completed stope has been’ drawn empty. 
Disadvantages are: eee 

1. The closing off of the manway from above while 
advancing upward to hole into the next dog 
hole. This is especially disadvantageous 
when the stope is holing into the second and 
third dog holes because the only entrance is 
now from below. Ventilation is also restricted. 
<. About 4.per cent of the stope to be mined is left 
as pillars which rarely will be recovered. 


_. The above method has recently been modified. by reducing the thickness 
of the pillar from 5 to 2 feet. A pillar this size is naturally somewhat 
shattered and will spall off when the two stopes are drawn. 


As the length of dog hole is: shortened to 2 feet, the short drift need 
not be driven from the manway side. In stoping upward, when the dog-hole 
position is reached, the miner now drills with a stoper about six inclined 
holes from the stope. Upon blasting, this round "bells" the ground away from 
the manway about 2.5 feet. Thus half of a shift of stoper drilling suffices 
where formerly two jackhammer rounds were necessary. 


Per Cent Extraction 


As shrinkage stoping is practiced on the 1250 and 1500 level, no 
pillars are used except in the modified method employed . ~ in certain 1350- 
level stopes. As the conditions necessitating the modified method no longer 
exist, the new shrinkage stopes are being opened as shown in Figure 10. Thus 
100 per cent of ore in place’ is extracted. also the percentage of recovery 
of the broken ore that has piled up between the chutes is high. There is con- 
siderable dilution of the ore by waste ‘spalling from the walls. In addition, 
as the levels above have been caved, some waste gets mixed with the ore in the 
final drawing period. All the ore hoisted at present is passed over a picking 
belt and hand-sorted. From 15 to 18 per cent of the material hoisted is thus 
rejected, . 


Transportation, sorting, and loading cost is 20 cents per ton of pre 
shipped. This cost includes hauling the ore by motor from the ore pocket ‘at 
the collar of the shaft to the ore bin, sorting, and loading into railroadj cars. 


8652 - 16 - 


Google 


190} Ul 9} BDS 


Sodoys jf1jy pue 3nd yo 418109 —°Z| osnBry 


HH HA 
. 
uMOoUS pez. lon OY. +0 


oat 
SJE Id / yg 


00))8 Aso. esedosd 
Buryonw so; seqny) 


Sec 
re: 


vo 098 3084 4 
ose syyem 4} 


PF 


} OE 


edj;S s6se7 4 
UGA MOJJES 


Use} BIB $}Nd; 
300j-0] sodojs, 
opim AJOA ul | 


O€ OZ Ol| O 


See 38es Oj 


bur bbey your 
U2IM pout | 
fF SOINYD poyjnzS 


ee edd 
yi _— Se 
. e'* ta 
HLH Pe TTT rH TAT et 
*-e* bd | ] 
STA: HATA TATA ATARI AT 
so oe . 3 bear ? op . ; 6 a - ; ~ = "* . 6 é ‘ naan ®' AC any .%°'- 


* - VpPsp yp emQooy 


ttt © 9db3S "1p ty 03 poy pnd souq srry 
S$! 9jSse" Buruuns sdozs 940 usym feynyo ; —e bande aa wu 
94} OU pexXonu pue moyeq odoys OzUP od Seth ae tee 
peddosp 930 poXoumjyo pue no yOUS: Ss). 
Guy G6ey 4415 soy Apeos sy mojoq e904) voy 


A 03 yNOSsoO1D-. 


Original from 


ERSITY 


UNIV 


TATC 
mr 


1 


c 


E OHIO 


TH 


Digitized by Coc gle 


I. C. 6413 


Inclined Cut~ and-Fill — 


; The inclined’: ‘cut-did-fill method as now practiced at the Eighty-Five 
nines was introduced by a. Jv: Balmforth, mine superintendent, several years — 


ago. 


The method has been employed: to date on six stopes, five of which are 
over the 1500-level West drift (see ‘fie. 2). 


. twoxéouneteuent” stull eadee (Phe. 6 2) Was ‘started’ at the near Limit 
of the ore body. Subsequently: six more raisés were ‘started at intervals of | 
140 feet. When the first two raises were holed through ‘to: the 1350: level, ‘the 
remainder were started successively. Meanwhile, eublevel drifts were driven 
toward each ‘other at an elevation of 20 feet atove the rail to connect the 
first two raises. (See fig. 12;) Midway between’ the ‘raises: a three-compart- 
ment stull raise was driven to an elevation of 26 feet. In“the middle of each 
of the two remaining floor pillars of the stopé, untimbered: raises were driven 
to a height of 26 feet and were discontinued. ‘The latter two raises are driven 
to reduce the shoveling on the sill floor of the stope and aré filled with 
Waste, and abandoned after the firet slice is finiehed. ‘after the subdrifte 
have connected they are silled out to the full width of the ore, ‘care being 
exefcised that both walls are exposed.' Two successive 5-foot “Gnclined cuts | 
are next mined out in both ends of the stope. If the walls are ‘firm the’. 
miners, working on the: broken ore,’ mine one or two additional: 5-foot. cuts. | 
The-back of the stope now’has the shape indicated as "end of first slice," 
Figure 10. after the back has been thoroughly barred down, thé chutes are 
pulled and the remaining broken ore is mucked out. If the sill pillars are 
high-grade ore, they are floored over: before Filling’ the stope. Waste is now 
drawn from stopes above and also secured from development work through the two 
fill raises until it is within 2 or 3 feet of the back. As the angle of repose 
of the fill is about 39°, the back of the stope is mined at that angle. If 
thé £111 contains large bowlders, development waste is added before flooring. 
The more finely DrOzeA waste protects the ‘flooring from excessive breakage. 


On completion of the fill 2 by 10 inch sills are laid flush with the 
fill, and’ 2 by 10 ‘fnch by 10 or 12 foot flooring is nailed to these. At.the 
high end the flooring is given a slightly steeper angle'to make the ore run 


more freely. 

Before minis operations are started grizzlies ‘of 8 ibe 8 inch’ ‘timber 
spaced 10 inches apart dre placed over each chute. Ninety-pound ‘rails are- 
sometimes used instead of timber. Occasionally on the first few slices, when 
the ore breaks fine, grizzlies are not necessary. Almost no ceecondary blast- 
ing is necessary in cut-and-fill ‘stoves. = ! oo 


Mining is resumed upon the completion of flooring. The cycle of opera-. 
tions is the same for each cut. While one slice is being filled, that on the 
other end of the stope is being mined. A uniform tonnage of ore is thus main- 
tained. Before each filling, the manway and two chutes are raised. 
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When the stope approaches. the level above, both slices are mined so 
that the top of each just reaches the level. In two or three cuts one side of 
the:stope is completed, the direction of retreat being toward. the ore chute 
(sea:fig. 13), Both overhand mining and brow slabbing are practiced in this 
operation. The slice is completed when the brow approaches a pditit directly — 
over the ore chute. The slice is then filled. 


As the final slice, when completed, is rl rather large one, the hanging 
wall may slough or the timbers of the old stope overhead may suddenly drop. 
The floor is. therefore given a steep angle (459) so that the ore will run 
directly into the chute. Thus mucking is eliminated. Ihe miners are safe on 
the level above, as moet of the pillar is brow-~slabbed.. In this last slice no 
grizzly is used over the chute, the ore being. pulled only as is necessary until 
the entire slice is completed, when all the broxen ore is drawn, It is after 
this operation that, as in shrinkage. stoping, the broken ore ene in. the 
stope overhead is partly recovered. ; 


The opposite side of the een is now ained similarly, the direction of 
retreat being toward the ore chute. The bottom of the level on this side, how- 
ever, is stulled with 8 by 8 inch timber and lagged to protect the men below. 
To date one stope has been completed as described. The walls were firmer than 
anticipated, and the final pillar left over the ore chute was only 3 feet wide 
and 14 feet high (deep). The walls stand better than expected because the vein 
is narrow (5 feet) and because all the mined-out stopes above are completely 
filled with waste. ee 


During the completion of:10 stope, 300 tons of high-grade ore was re- 
covered from the old stope above... The lagging between the chutes was shot out 
ton the: peter of broken ore were recovered. a et 

" When the vein o narrow and the walls firm, the’ height of a cut is in- 
creased. Thus shrinkage. practice is approximated, during part of the: mining 
operation. This: method has been referred to as semi- shrinkage.* | 


_ Hand-rotated stopers are used, in overhand slicing, and pluggers in 
bron-slabbing and plugging bowlders. . 


The cut-and-fill method is siperi or to shrinkage stoping in that a 
cleaner product is obtained. . . 11 ore broxen in the stopes is recov- 
ered. Almost 100 per cent of the ore in floor pillars is recovered. 


The disadvantages of the method are the greater amount of development 
work necessary, and the longer time required to eee the ees, into produc— 
tion, = 


3 See description in Lavender, H. M. init Methods at the Canpbell Mine of 
the Calumet and Arizona Mining Cos, mer ee at ‘ariz., aeorev ene coe, 
6289, Bureau. of Mines, 1930, 18 pp. 95 : - 
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| - Underground: Transportation 


All ore is hand~trammed in 16 cubic foot, l-ton, roller-bearing, end- 
dump cars. The average tramming distance of ore is 1,200 feet. The track 
grade is 4 of 1 per cent in favor of the load. Track gage is 18 inches; 16-__ 


e 


pound rails are used. 
Each shaft station has an ore pocket. Ninety-pound rails spaced 10 2 
inches apart form a grizzly over the pocket. 


Hoistin 
The Emerald shaft is equipped with a geared electric hoist installed in 
an underground hoist room on the adit level (fig. 14). The rope load capacity 
The man cage holds 9 men, and 


1s 8 tons; rope speed is 1,000 feet per minute. 
is suspended under the skip. Ore is hoisted in balance in 3-ton skips from the 


various pockets, all of which are equipped with air-controlled skip hoppers 
holding 3 tons of ore (fig. 15). Ore is handled on the adit level by a 3-ton 
casoline-driven locomotive, pulling five 24 ton V-bottomed side-dump cars. © 


Pumping 


Zs Pumping is an operation of major importance, a total of 450 gallons a 
nhute being pumped to the surface. The cost of this is 46 cents per ton of 


°re shipped. 


Smear AS by 12 inch triplex pump, with a capacity of 120 gallons per minute, 
vee €allons per minute from the 750 level to the surface. ‘This supplies 
Slant n§€ water to the townsite of Valedon and boiler feed-water to the power 


to the ions hundred and fifty gallons per minute is pumped from the 1650 level 
ly, hes oe (see fig. 16). Three units can each handle this flow independent- 
per Hine (a) two 6 by 12 inch triplex pumps, with a capacity of 450 gallons 
Volt iiusee ce a head of 2,200 feet, which are driven by a 200-hp., 440- 

40 gallon On motor; (b) one duplex, 6 by 18 inch pump, with a capacity of 

2, O-volt geor minute against a head of 2,200 feet, driven by a 250-hp., 

700 gail nduction motor: (c) one 6-inch centrifugal pump having a capacity 
the 1650} ©ns per minute against a head of 700 feet. This centrifugal pumps 
S~inch eae water to the 1350-level sump. at the 1350 are two tanden, 

1,400 feet ~Tifugals with a capacity of 700 gllons per minute against a head of 
> these are driven by a 250-hp., 440-volt induction motor, and lift 


the 
“ater to the surface. 


there rawater coming from above the 1350 level can be diverted to the sump 
“SPacit ofr fted to the surface by one triplex 5 by 12 inch pump having a 
‘tiven by ,, 220 gallons per minute against a head of 1,600 feet. This pump is 
8659 100 hp, , 440-volt induction motor. 
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Two extra pumps in first-class condition are in reserve. One is a 
deep-well turbine pump, 6~stage, capacity 1,400 gallons per minute against a 
head of 336 feet; driven by a 200-hp., 440-volt induction motor. The other is 
a 6-inch centrifugal, capacity 700 gallons per minute against a head of 700 - 
feet; driven by a 250-hp., 440-volt induction motor. | . - 


The temperature of the meter at the 1650 level face is 104° F. The 
water is not acid. | co 


For fire protection a 10, le tank on the hillside back of camp 
is kept full of water. 


Ventilation 


Until mining operations reached the 1350 level, a fairly satisfactory 
natural ventilation system existed. On the east side of the mine the Lower 
Dundee shaft was strongly downcast; on the west side an air shaft, the Superior 
shaft, and numerous old openings strongly upcast. Development on the 1500 and 
1650 levels was continued using natural ventilation. Although natural ventila- 
tion removed the smoke and gas from the mine, the heat and humidity on the 
bottom levels were oppressive. While developing the 1650 level, West drift, a 
flow of water with a temperature of 104° F. was encountered. This water, flow- 
ing to the 1650 pump station, further increased the already high temperatures. 
Accordingly a system of mechanical ventilation was started. aA 30,000 cubic 
foot capacity radial~flow fan was installed on the 1650 level (ase fig. 16) 
and suitable doors were built to control the flow of air (figs. 17 and 18). 

The installation of the fan accelerated the down draft in. the Emerald shaft 

and the Lower Dundee and upcast to the other side of the mine to the new Jim 
Crow shaft. Temperatures have been reduced and working conditions improved by 
the increased velocity and volume of air. Conditions at the development faces 
of the 1500 and 1650 levels are still fairly oppressive: this condition will be 
remedied when connections are made with the Jim Crow shaft. ‘ 


Auxiliary air and electrically—driven booster fans serve the develop- 
ment faces off the main air courses. The following chart shows the temperatures 


and per cent saturation at several places in the mine. 
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Terperature and humidity at various locations in 
the Eighty-Five mine 


Relat ive 
Pe ty, Remarks 


Level] 


9:00 a.m. Sept. 10, 


Zero Near entrance 
| ‘weather cloudy and cool. 


Shaft collar 


‘Compressed air line ‘open, 
auxiliary blower running. 


Jim Crow shaft stationt/ 


‘}3e stope | 


Face West drift 


usporetuns of ater from 
-1650 West drift, 92° F, 


|Pump station 


Water temperature 100°F. 
in main atr oircuit. 


1070 raise © 


Just west of main air 
circuit. | 


1650 |50 feet west of 1070 
raise 


| Water vonperaTures 
103. 6° F, 


: Not yet connected to main 1650 level and Emeral shaft. —* 


1650 West drift at face 


WAGE, CONTRACT, AND BONUS SYSTEM”. ~ 


e] The ft ollowing ig the wage scale for the principal uadehercun labor 
8sificat Longs: ) 
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Wage scale for the principal underground labor of 


classifications | 


Period 


Classification 


Miner, using Leyner ..... 4.40 4,60 — 5.00 
Miner, using stoper ..... 3.65 3.80 4.10 
Timberman .............. i 3.85 4,05 4.40 
MUCKO? +5 4 bhi eae ard dca Selo 3.30 3.60 
TPAMMOY ob sre eheecace rns : 3.15 3.30 3. 60 
Ore: SOPUGr isso aienedcx 2. 64. 2.90 3.05 3.30 
Trackman ........-...e00. 3.52 3.85 4.05 4.40 
PApPOUIEN oc vot) once tea es -| 3.52 3.85 4.05 4.40 
PuMpMAN ....cee es eeeeeeee | 4629 4,70 4,95 5.35 
Hoist engineer--85 shaft. |: 6.00 6.60 6.90 7.50 
Shaft miner ....... recoe'| 2240 4,85 5.05 5.50 

5.00 - - - ~ 6.25 


All labor underground and all unskilled labor on surface is Mexican. 


All development work is on a contract. rate per foot of advance. Size 
of opening, class of ground, and working conditions control the variation in 
price per foot. In drifts and crosscuts the drilling and mucking contracts 
are separate. Tramming from stopes is on contract. A certain number of cars 
trammed per day is used as a standard and the trammers are paid 15 cents per 
car for every car over standard. 


Stoping is contracted at a certain rate per yard. The so-called "yard" 
is a yard long, a yard high, and "vein width" wide. All contractors are 


guaranteed daily wages. 


Shaft sinking is done on contract at a given rate per foot of advance. 
Only the men at the bottom participate in the bonus. 


Standards are set by the chief engineer, subject to approval by the 
superintendent of the mine. Bonus is paid twice a month on measurements by 
the engineering department. 
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SAFETY WORK | 


Safety work is under the direction of the safety inspector of the 
parent company. He makes inspections and recommendations from time to time. 


The mine superintendent supervises conditions in the absence of the safety 
inspector, 


First-aid instruction is given on the occasion of the visits of the 
Bureau of Mines instruction car. 


First-aid equipment is maintained at the collar of the shaft. 


All bosses receive a bonus for accident prevention, based on 1,000 
shifts worked, 7 


COS?S 


Development costs, per foot 


Labor, 
Working place including Air Other rotar|ootae 
bonus sives drills!supplies 


1465, crosscut, 650 level| $4.29 |$1.83 | -- | $2.50/ -- [$8.62] 571.5 
West drift, 1650 level..| 5.98 | 2.38] -- | 2.75/ -- {11.11/1,900.0 
1780 raise, 750 level ..| 8.60 | 2.97 {$0.82 | 5.05] $0.11 |17.55| 100.0 


Note: The following costs include direct charges only. The costs for 1465 
' crosscut, 650 level, are representative. The material cut was hard 
andesite. The face was 1,000 feet off the main air course, and 

ventilation was by compressed air. 

The 1650-level West drift is in quartz and quartz-seamed monzonite. 
The face was 900 feet from main air current; two booster fans served 
for ventilation. A flow of 250 gallons of water per minute at 1049 
Pei made working. conditions at the face oppressive. The 
costs are therefore not representative of the average drift. 

The 1780 raise, 750 level was a two-compartment stull raise in quartz, 
driven from a sublevel. _ 7 | iz. 
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The following tabulation shows pcwer costs for the years 1928 and 


1929 


Total kw. h. Total kw. h. 


1929. 
Power costs, 19268 and 1929 
1928 
LaQbOLl. seine dae aidan decane epee . |$ 1,306.67 | $0,00390 


Fuel oil and supplies ........-.-6] 42,068.53 
Depreciation ...seseeeee ee ere te 4,800. 00 
6 per cent return on investment .. 7,200, 00 


MOUGL “COSU” fod en's eu niente Gue amigas $67,180.20 


.01257 


. 00144 


. 00215 


BO. OL 006 | 


$14,792.75 | $0.00260 
65,169.68 | 01154 
4,800.00 | .00085 


7,200,00] .00130 
$91,962.43 | $0. 01629 


This cost includes labor (3 engineers, 3 firemen, and 1 chief 
engineer), fuel oil, depreciation at 4 pee -cent on ee 000, and 6 per cent 


return on investment. 
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